A simplified 2D model was developed on the basis of charge carrier generation and collection probabilities, and was used to simulate photocurrent generation within a groove device. For electron-hole (e-h) pairs generated within the groove, the probability of collection at the respective electrodes is assumed to be limited by the minority carrier diffusion length L d (holes in the case of CH 3 NH 3 PbI 3 ). The charge carrier collection probability for a perovskite filled 2D groove device can therefore be represented as;
where the geometrical distances are those shown in Figure S2 . The photo-carrier generation within groove dimensions is assumed to be limited by the absorption coefficient of perovskite composition according to the Beer-Lambert law as;
where, D is the light penetration depth at a particular wavelength calculated from the absorption coefficient. The photo-generated current through this 2D groove model can then be written as;
Using this expression, the photocurrent variation within the width of groove can be estimated using material specific parameters D and L d . For a symmetric groove (α = 60 o ), filled with CH 3 NH 3 PbI 3 (D near band edge ≈ 800 nm and L d ≈ 500 nm), we find the optimum groove width necessary to maximize photo-current to be ≈1.1 µm (see Figure   S3a ). and Table 1 . Here, we observed higher efficiency with a groove width of 1.6 µm (PCE = 7.03%) than 3 µm (PCE = 4.83%). With more control over microfabrication techniques we aim to reduce the groove width to the optimum value of 1.1 µm.
Our simulations indicate that the minority carrier diffusion length (L d ) of perovskite also directly influences the power conversion efficiency. Figure S3b shows a monotonic increase in photocurrent with L d up to 1600 nm; a result that suggests that perovskite composition along with grain size will have a significant impact on the performance of groove-based cells.
Further evidence for the importance minority carrier diffusion length can be seen in Figure S4a and S4b. Here, we plot the spatial distribution of the generated photocurrent for two different carrier diffusion lengths. Here, if we assume electrons to be minority carriers with an L d of 200 nm, we find that only regions very close to the ETL interface contribute to photocurrent. In contrast for an L d of 500 nm, most of the material within the grove contributes to the photocurrent. In order to obtain further insight into the electronic characteristics of groove devices we fitted the JV curves of single groove devices to the single diode model of a solar cell as given by;
where , n is diode ideality factor, J 0 and J ph correspond to reverse saturation = current density and photocurrent density respectively and R s and R sh denote the series and shunt resistance respectively. Figure S5 shows JV fits to a 1-diode model for single 1.6 µm and 3 µm width grooves having a high diode ideality factor (~ 5) and a reverse saturation current density of ~ 6.1 µA/cm 2 . Diode ideality factors greater than 2 have been associated with nonlinear shunt pathways near mechanical defects such as scratches and edges which can act as source of leakage current. 1 Whilst the series resistance for 1.6 µm groove (~ 12 Ω.cm 2 ) and 3 µm groove (~ 15 Ω.cm 2 ) were of similar order of magnitude, the shunt resistance of the 1.6 µm groove device (~ 60 Ω.cm 2 ) is considerably smaller than 3 µm groove device (~ 395 Ω.cm 2 ). We note that other considerations such as recombination dynamics at the grain boundaries, electrode interfaces and resistive losses due to presence of voids during perovskite deposition can affect the overall efficiency and hence the optimum geometry.
However, the simplified model described above gives a reasonably good starting point to design grooves to maximize the power conversion efficiency. Table S2 : Solar cell performance metrics of the PSC solar groove micro-modules as described and shown in Figure S12 .
